We examine if the benefits of international portfolio diversification are robust to time-varying asset return volatility. Since diversified portfolios are subject to common cross-country shocks, we focus on the transmission mechanism of such shocks in the presence of regime-switching volatility. We find little evidence of increased market interdependence in turbulent periods. Furthermore, for the vast majority of time, we show that risk reduction is delivered for the US investor who holds foreign equity.
Introduction
International portfolio diversification has long been advocated as an effective way to achieve higher risk-adjusted returns than domestic investment alone. The main premise underlying this strategy is that international stocks tend to display lower levels of co-movement than stocks trading on the same market. To the extent that countries are subject to different shocks, then international diversification facilitates risk sharing among global investors. Idiosyncratic shocks may be diversified away. Thus investors who pursue cross-country diversification strategies may eliminate country-specific risks but remain vulnerable to common shocks.
Therefore the realization and magnitude of portfolio diversification benefits depends crucially on the relative size, frequency and persistence of idiosyncratic and common shocks.
Empirical evidence in support of the pre-eminence of international diversification strategies extends back to Grubel (1968) and Levy & Sarnat (1970) .
More recent empirical papers find that these benefits are still present despite increasing integration across financial markets in both stock markets (Grauer and Hakansson, 1987; De Santis and Gerard, 1997) and bond markets (Levy and Lerman, 1988) and in the face of time-varying correlations (Ang and Bekaert, 2002) . However, a worrying development for portfolio managers who adopted such a strategy came from the work of King and Wadhwani (1990) , who found that stock market correlations between the US, UK and Japan increased in the aftermath of the 1987 stock market crash. Lee and Kim (1993) and Longin and Solnik (1995) both show that this finding also applied to a wider range of countries. These findings have major implications for portfolio management given that if markets display increased comovement during turbulent periods, then the benefits of international diversification will not be delivered when most necessary. Studies like King and Wadhwani (1990) measured the effects of contagion as increased correlation between markets.
However, Forbes and Rigobon (2002) showed that when markets experience increased volatility (as in turbulent periods), then the correlation measure is biased upwards and may lead to an incorrect conclusion of financial market contagion. Goetzmann et al (2002) show that episodes of increased cross-market correlation over the past two decades may not only be due to increased co-movement alone but also to an expansion of the investment opportunity set.
We focus on whether or not the benefits of portfolio diversification are robust to changes in volatility between calm and turbulent equity market regimes. Since diversified portfolios are subject to common cross-country shocks, we focus on the transmission mechanism of such shocks in an environment characterized by regimeswitching volatility. If the process governing the diffusion of common shocks is stable between regimes, then the diversified portfolio should still out-perform the undiversified, even though everybody does worse in an absolute sense.
We examine the benefits of portfolio diversification that accrue to a representative US investor who considers international investment opportunities across the other G-7 countries. We adopt the methodology of Gravelle et al (2006, henceforth GKM) to provide (as discussed below) an unambiguous test of structural changes in asset return co-movements between regimes. 1 To the best of our knowledge, no other study has employed this innovative technique to study the transmission of stock market shocks. This method has many advantages over and above previous techniques employed to examine asset market comovement. Firstly, the country where the shock originated does not need to be identified or included in the analysis. Hence we can focus on the G-7 countries and detect changes in the transmission of shocks that may have originated elsewhere. This is going to be particularly beneficial in the latter part of our sample when the Asian and Russian crisis occurred. Studies that focus on market contagion tend to concentrate on smaller markets that are geographically close to the source of the shock but we believe that a portfolio manager will be more concerned with the co-movements of the larger countries that typically get included in asset allocation strategies due to their size and diversity. The G-7 countries account for approximately 80-85% of the total world market capitalization and consequently should constitute the majority of a portfolio regardless of the investor's location. Secondly, the break points of this regime switching procedure are determined by the data and do not have to be exogenously specified as in Forbes and Rigobon (2002) . The exogenous choice of crisis period is often a contentious issue (see Kaminsky and Schmukler, 1999) and may be further compounded by having more than one shock simultaneously impacting on equity markets. Thirdly, our results give us a clear insight into the economic and statistical significance of whether or not a portfolio manager should be concerned with the effects of increased market co-movement between high-and low-volatility regimes.
Our paper is organized as follows. Section 2 presents our model. Section 3 describes the data and presents our preliminary statistics. Section 4 reports our empirical findings and the statistical tests for changes in the transmission of structural shocks. The economic significance of our results is investigated in Section 5 while section 6 examines the robustness of our results by analysing returns expressed in their local currency. Section 7 summarizes our empirical findings and offers some policy implications.
Econometric Methodology
In this section, we present the empirical model employed to study the interdependence between two stock markets during both calm and turbulent periods. 
The existence of contemporaneous correlation between the forecast errors 
Following GKM we allow both the common and the idiosyncratic shocks to switch between two states -high-and low-volatility. 2 
Furthermore, we relax the assumption of constant expected returns in (1). 3 Our specification allows returns to be time varying and dependent only on the state of the common shock. 4 In this respect, our model suggests that part of the stock market return represents a risk premium that changes with the level of volatility. In particular, expected returns are modeled as follows:
Given that idiosyncratic shocks are uncorrelated with common shocks and mainly associated with diversifiable risk, expected returns are not allowed to vary with the volatility state of these shocks. An additional assumption of normality of the structural shocks enables us to estimate the full model, given by equations (1)-(4), via maximum likelihood following the methodology for Markov-switching models described in Hamilton (1989) .
Our rationale behind detecting and testing for increased comovement due to changes in the transmission of the common shock (see also GKM) lies on the assumption that in its absence, a large unexpected shock that affects both countries does not change their interdependence. In other words, the observed increase in the variance and correlation of returns during turbulent periods is due to increased assumption of regime switching in the common shocks is necessary for the identification of the system. For a detailed description of the identification process, please see GKM. 3 GKM also relax this assumption when modeling the interdependence of bond returns. 4 Guidolin and Timmermann (2005) find that returns are statistically different across regimes though Ang and Bekaert (2002) fail to reject the equality of mean returns between regimes. impulses stemming from the common shocks and not from changes in the propagation mechanism of shocks. To empirically test for this increased interdependence, we conduct hypothesis testing specifying the null and the alternative as follows: The null hypothesis postulates that in the absence of increased comovement, the impact coefficients in both calm and turbulent periods move proportionately and hence their ratio should remain unchanged. This likelihood ratio test is the common test for testing restrictions among nested models and follows a 2 x distribution with one degree of freedom corresponding to the restriction of equality of the ratio of coefficients between the two regimes.
Data and Preliminary Statistics
Our dataset comprises weekly closing stock market indices from the stock exchanges of the G-7 countries. All indices are value-weighted, obtained from Grubel and Fadnar (1971) , who report that industries within a country are more highly correlated than industries across countries. Table 2 reports the estimates of model parameters for the expected returns.
Results

Estimates
Specifically, columns 2 and 3 report the mean returns during calm periods and the corresponding figures for turbulent periods are reported in columns 4 and 5.
[ Timmermann (2005) for UK assets. Consequently, it is important to account for this difference in means across regimes when modelling the behaviour of returns.
[
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As our focus is on portfolio diversification benefits, it is useful to examine the filtered probabilities of being in the high-volatility regime before undertaking further statistical tests. International diversification is likely to be most beneficial if the frequency of the high-volatility regime is greater for idiosyncratic shocks than for the common shock. Figure 1 plots the filtered probabilities of the idiosyncratic shocks being in the high-volatility regime. 5 With the exception of the UK and US, which show a period of relative tranquillity post 1994, the idiosyncratic shocks are most often in the turbulent state for all countries. Therefore this indicates that there is substantial country-specific risk to diversify. In contrast, the frequency with which the common shock is in the high-volatility state is relatively low. Figure [ The figures presented are generated using country i (i refers to all non-US states) and the US as the market pair and using the UK as the partner for the US. Similar graphs are available for all pairs and are available upon request. 6 Once more, the graphs presented are for common shocks with the US. Again, graphs for other pairs are available upon request. Table 3 presents a more detailed description of our results. Firstly, the column labeled 'Unc Prob' gives us information about how much of the time each pair of markets experience a high-volatility regime for their common shock. It is calculated using the formula
, where P is the probability that the respective regime will prevail over two consecutive years, i.e. the transition probability from say the high volatility regime to the same regime. As we can see, it varies from a high of 55% in the case of Japan and Italy to a low of 0.77% for Italy and the UK. Without any further analysis, this information is potentially important for a fund manager. The low frequency with which Italy and the UK experience a high-volatility common shock, suggests that these markets rarely suffer bad events simultaneously and hence could be used to provide a hedge against each other's risk. On the other hand, the relatively high frequency of shared market turbulence between Japan and Italy would be worrying for a portfolio manager if these 'crises' periods led to changes in the transmission of structural shocks. The expected benefits of international diversification would be eroded. The average proportion of time that a pair of markets exhibits high common volatility is 14.3% (roughly 4.75 years), which yields sufficient observations in the high volatility regime to undertake our analysis.
The column labeled 'Duration' gives the length of time (in years) that a common shock persists -P Duration − = 1 1 . The persistence of the high-volatility regime for the common shock is quite low. On average, across all pairs, this regime persists for 0.23 years (or three months). It ranges from periods of approximately one week for Italy/UK, Italy/France and Italy/Japan to a high of over 1.5 years in the case of US/Japan. However the latter is unusual with the next largest (Germany/US) being little over six months.
The remainder of Table 3 presents our estimates of the impact coefficients of common structural shocks for calm (δ) and turbulent (δ*) times (columns 2-3 and 4-5 respectively) as well as the ratio, γ, (column 6) which allows us to test for increased comovement due to a common shock. For the low volatility regime, the estimated impact coefficients are quite tightly clustered, ranging from 0.45 to 1.78. Furthermore all estimates are statistically significantly different from zero. In the calm time period the average impact across pairs of countries is 1.27 with a standard deviation of 0.32.
Turning to the high volatility regime, we see much larger estimates and much more dispersion. Here the average of the coefficients is 3.80 with a standard deviation of 1.20. Therefore both the average impact and the dispersion of estimates increase threefold. There is also considerable variation in the volatility impacts across pairs of countries. The impact of a high-volatility common shock for the US/Japan pair causes below average increases for both, while large responses to an equivalent shock are recorded for Italy/UK.
We also report the ratio of the estimated impact coefficients of common structural shocks in the column 6 of Table 3 . We construct the following statistic:
. , max proportional to their corresponding values in the low volatility regime. A ratio of unity indicates that there is no difference in the transmission mechanism of shocks between the high-and low-volatility regimes, whereas deviations from unity would imply increased market comovements in the turbulent regime. At this point we concentrate on the economic significance of the γ ratio but we will later test for its statistical significance.
Even without a formal test, our results suggest that for a large number of country pairs, the transmission mechanism governing common shocks does not experience major changes between high-and low-volatility regimes. Over half of our sample pairs (13 from 21) generate ratios of less than 1.05. If this turns out to be statistically significant evidence of increased interdependence, at least it's at a relatively low level. At the other end of the scale, the US/Japan ratio is over 3.3, with seven other pairs generating increases in the ratio in excess of 5%. Ratio values of this magnitude would be of huge concern to a portfolio manager as they indicate adverse movements in stock returns tend to be amplified, thereby reducing expected benefits from international diversification.
It is also worth noting that comparable levels of the ratio can be arrived at in different ways. For example, the pairs Canada/France, Italy/Japan and Germany/Italy all have similar ratios. However, for all three pairs their common shock exerts different influences on stock market volatility. For the Canada/France pair, the volatility for both in turbulent periods is three times that associated with calm periods, while for Italy/Japan and Germany/Italy the corresponding increase in market variability is 4.7 and 2.8 times respectively. Despite the ratio being the main focus of our analysis, closer examination of Table 3 will allow the investor to learn more about the process underlying our results.
Before testing for changes in the transmission of a common shock between each pair of markets, we check if our model is appropriate for the asset returns in our analysis. Table 4 reports results from a number of diagnostic tests. Columns 2 and 3 report the LM test for serial correlation in the standardized residuals of the country pairs examined. 7 In general, for the majority of the country pairs, we cannot reject the null of no serial correlation at both one and four lags. The same conclusion is reached as far as ARCH effects are considered (see Columns 3 and 4), though when testing for ARCH effects up to fourth order, the percentage of series for which we can reject the null increases to 25 percent. Instead of applying the Jarque Bera statistic, which concentrates on the third and fourth moment, to test for Normality, we test for Normality based on the overall approximation of the empirical distributions of standardized residuals to the Normal by employing the Cramer-von Mises test. Our results, reported in Column 6, suggest that the majority of country residuals are Normally distributed. 8 This suggests that our two-regime model captures quite well the distribution of asset returns.
[TABLE 4 ABOUT HERE]
As a measure of our models' regime qualification performance, we employ the Regime Classification Measure (RCM) developed by Ang and Bekaert (2002) .
RCM is a summary statistic that captures the quality of a model's regime qualification performance. According to this measure, a good regime-switching model should be able to classify regimes sharply, i.e. the smoothed (ex-post) regime probabilities, t p are close to either one or zero. For a model with two regimes, the regime classification measure (RCM) is given by:
Please note that all six sets of standardized residuals are reported for each country. 8 We also employed the Kolmogorov-Smirnov, Lilliefors, Anderson-Darling, and Watson empirical distribution tests, which yielded similar results. These results are available upon request.
where the constant serves to normalize the statistic to be between 0 and 100. A perfect model will be associated with a RCM close to zero, while a model that cannot distinguish between regimes will produce a RCM close to 100. The final three columns of Table 4 report the RCM for the two idiosyncratic shocks and the common volatility shock respectively. Using a cut-off of 50 suggests that in most cases, our two-regime model does a good job in describing the asset return generating process.
However, it does perform better in capturing the common shock than the idiosyncratic shocks in most pairs.
Tests for increased comovement
In testing for changes in the transmission of a common shock between highand low-volatility regimes, we focus on the ratio γ, and test whether or not it is statistically different from unity. We perform a likelihood ratio test, whose test statistic has a ) 1 ( 2 χ distribution under the null hypothesis. The most striking feature of our results is that we find little evidence of any increased comovement. In the majority of cases (19 out of 21), we fail to reject the null hypothesis of no change in the ratio of market responses to a common shock. In other words, we find that the mechanism by which common shocks are transmitted is unaffected by the switch from a low-to high-volatility regime. This is a reassuring result for the proponents of international diversification across equity markets as a means of reducing portfolio risk.
For the other 2 pairs -US/UK and France/Germany -we find evidence that going from a calm financial environment to a period of turbulence generates greater asset return comovement and hence may erode the expected gains from international portfolio diversification. The ratio for the UK/US, though statistically different to unity, is quite low at 1.001. So even if these large, traditionally strong markets show evidence of changes in the transmission mechanism of the common shock, it is unlikely to deter potential investors from holding the equities of the two countries in their portfolio. On the other hand, the ratio for France/Germany is 1.146, representing quite a large shift in the diffusion process of the common shock. This result may be potentially explained by the proximity of the two markets and their close political and economic links. These factors may increase the propagation of common shocks.
Economic significance of portfolio diversification
Having found little statistical evidence of increased market comovement, we now turn to the economic significance of our results. We first of all investigate the importance of the idiosyncratic shocks that the investor seeks to diversify away. We have already seen in Figure 1 , that the idiosyncratic shocks for pairs involving the US tend to be in the high-volatility regime with far greater frequency than the common shock for each corresponding pair. The evidence presented in Table 6 seems to verify this finding for all possible market pairs. Just as in the case of the common shock, we present the proportion of time the idiosyncratic shock spends in the turbulent regime and the persistence of the shock. We find that, on average, the idiosyncratic shock is in the high-volatility state 41.5% of the time (roughly 13.5 years). This number is almost three times greater than that for the common shock. Likewise, the persistence of the country-specific shock is much greater, with an average of 1.5 years that is approximately 6 times that of the common shock. In columns 2-5, we also report the impact coefficients for the idiosyncratic shocks. There is greater variation in the coefficients with some spectacular increases from calm to turbulent markets, e.g. for the Japan/UK pairing, the impact of the idiosyncratic shock is over 45 times greater for the UK in the high-compared to the low-volatility regime. Thus the evidence presented in Figures 1 & 2 and Table 6 indicate that idiosyncratic shocks occur more frequently and display greater persistence than common shocks.
Given that the motivation for undertaking diversification is predominantly one of risk reduction, we compare the risk of a domestic US portfolio with that comprising of US and foreign equity. To accomplish this, we use our model to compute the time-varying covariance matrix. Recall from (2), that the aggregate shock of each country return is decomposed into an idiosyncratic and common shock. Both common and idiosyncratic shocks are allowed to switch between high and low-volatility states, which are assumed to be independent. In this respect, our analysis encompasses 8 states of nature, ranging from the state when all shocks are in the low volatility regime to the one when all shocks display high volatility. Each state is associated with a different variance-covariance matrix, which is uniquely calculated on the basis of our model given by (1) We compute the time-varying conditional covariance matrix of returns from these state matrices by utilizing the estimated filter probabilities for each type of shock (see Figures 1 and 2 ). The filter probabilities give the probability of being in each state for each shock given the history of the process up to that point of time. 
For all countries, we then compare the risk of a US portfolio versus a portfolio
with x% invested in the foreign equity and the remainder in US equity. Figure 4 presents the risk reduction benefits of international portfolio diversification with 10% of funds invested in the foreign country. Given the relative size of markets and the observed home bias in asset holdings (French and Poterba, 1991; Cooper and Kaplanis, 1994) , 10% is probably a realistic estimate of the foreign asset holdings of US investors. Figure 4 portrays the variance of the internationally diversified portfolio as a proportion of the variance of the US only portfolio. We can see immediately that at this level of foreign asset holding, international diversification delivers considerable reduction in risk for the US investor. The ratio is always less that unity and delivers average risk reduction ranging from 5.5% for Canadian investment up to 11.5% for diversification into Italian equity. Furthermore, diversification benefits were large in the aftermath of the 1987 crash when the US investor most needed protection. Table 7 reports the average risk reduction (Panel A) associated with different levels of foreign diversification and the proportion of time (Panel B) when the diversified portfolio was more risky than its domestic counterpart. Again the evidence strongly supports the proponents of diversification across international markets. In general, the average risk reduction increases with the level of diversification. For example, a US investor who allocates her wealth between domestic and Italian assets reaps benefits ranging from a 6.3% decline in risk for holding 5% of the portfolio in the foreign equity to a fall of almost 20% for allocating 25% of wealth to the Italian asset. Though smaller in magnitude, this pattern is repeated for all countries. Even the UK, for which we found a statistically significant increase in its comovement with the US market, delivers risk reduction benefits for all plausible levels of diversification. 9 Furthermore, Panel B of Table 7 , shows us that risk reduction achieved on average, also manifests in the majority of individual time periods. When allocating up to 10% of the fund to foreign assets, the US investor always enjoys lower portfolio risk. Increasing the allocation to non-domestic equity may reduce average risk but it also produces some periods when the diversified portfolio is more risky. However, the number of such time periods is small and even for funds with 20% held in foreign assets, the maximum proportion of time that fails to deliver risk reduction is 6% (for French equity), while investments in Canada, Germany and Italy still deliver lower risk portfolios in every period. Consequently, we conclude that international diversification consistently delivers reduced portfolio risk for US investors.
Therefore, we argue that the benefits of hedging idiosyncratic risks outweigh the burden of bearing common shocks. Idiosyncratic shocks are found to be more frequent, more persistent and larger in magnitude than the common shock. Both our statistical and economic results reinforce the belief that international portfolio diversification strategies are worthwhile and provide the investor with insurance against domestic risk. Our results show that the US investor should allocate funds to international assets and the fear of increased comovement during periods of global market turbulence should not prevent such diversification. Even if everybody loses in an absolute sense, diversification benefits remain sufficiently large to compensate the investor who has spread her risk internationally.
Robustness
We check the robustness of our statistical results by repeating the analysis for equity returns expressed in their local currency. Though improbable in practice, this is akin to holding a portfolio whereby the foreign exchange rate has been completely eliminated. In Table 8 , we report the impact coefficients for the common shock, the ratio measuring changes in the transmission mechanism of the shock and the results of the likelihood ratio test for statistical significance. While we do find more statistical significance of increased comovement, the majority of pairs (13 of 21) still fail to reject the null hypothesis of no change in the transmission mechanism of the common shock. From the perspective of the US investor, only Canada shows evidence of increased interdependence.
Given our results for the common currency returns and that we fail to reject the null hypothesis of no increased comovement for over 60% of the market pairs expressed in local currency, we conclude that results are generally supportive of the notion that the process governing the diffusion of the common shock is relatively stable between regimes and hence the benefits expected to accrue from international diversification in tranquil markets should also manifest themselves in turbulent market conditions.
Conclusion
We have focussed on whether or not the benefits to international portfolio diversification are robust to time-varying asset return volatility. If markets exhibit increased comovement during turbulent periods, then the risk-sharing motive behind diversification may fail to deliver the perceived benefits in periods when they are most needed. Investors who diversify do so to eliminate idiosyncratic shocks but remain vulnerable to common shocks. Therefore we concentrate on testing for changes in the transmission mechanism of the common shock. If markets respond in the same way to common shocks during both calm and turbulent conditions, then market comovement should be unaffected and diversification should continue to protect the investor in the high-volatility state. However, if high-volatility regimes are associated with greater levels of interdependence, then such protection may be eroded. We use the methodology introduced by GKM to test for changes in market interdependence. The main advantage of this methodology for our study is that we can test for these changes between countries without having to identify or including the source of the shock. Methodologies that require the market from which the shock emanated to be included, often force studies to concentrate on relatively small or regional markets. In discussing the implications for portfolio selection, we should focus on the larger markets of the world and by choosing the G-7 countries, we cover about 80% of world market capitalisation. Obviously, these markets will be the major recipient of capital inflows and hence vehicles for international portfolio diversification.
We use a regime-switching model to exploit the heteroskedasticity inherent in stock returns to identify whether or not increased comovement occurs between each pair of markets as we move between tranquil and turbulent market conditions. We take the perspective of a US investor and all returns are expressed in dollars. We report a number of interesting findings. Firstly, we find that expected stock returns are statistically different between regimes. Calm markets are associated with significantly positive returns while turbulent markets are characterised as generating negative mean returns. Secondly, our model seems to capture the features of return distributions quite well and we find that common market shocks are, on average, in a high-volatility regime about 23% of the time. Some market pairs, e.g. Italy and UK, incur few common shocks and consequently are likely to provide risk reduction benefits if held together in portfolios. Thirdly, we find little evidence of changes in the process governing the diffusion of common shocks between the pairs of markets under review. In 90% (19 of 21) of cases, we fail to reject the hypothesis of no change in the transmission mechanism. Though not as strong, the majority of local currency return pairs are also consistent with this finding.
Having found little statistical evidence of increased comovement, we examine the economic significance of our results. We find that relative to the common shock, the idiosyncratic shocks are more frequent in the high-volatility regime and exhibit more persistence in this state. Hence it appears that the diversifiable risks are greater than common risks and thus favours international diversification. To confirm this, we examine the risk reduction achieved by a US investor who invests a proportion of wealth in a foreign equity market while holding the remainder in domestic equity.
For realistic levels of diversification, we find that risk is substantially lower in the vast majority of cases. Even holding one foreign asset can reduce the risk of a US portfolio by up to 20%.
Combining our statistical tests and the investigation of the economic importance of our estimates, we find strong support for the adoption of international diversification strategies. There is little evidence that the transmission of common shocks changes between low-and high-volatility regimes. Furthermore, the risk reduction benefits appear to be robust to changes in volatility and indeed were manifest in the aftermath of the 1987 crash when US investors were most vulnerable.
We show that these benefits can be expected to accrue during both calm and turbulent market conditions. Consequently, this should encourage fund managers to pursue international diversification strategies without fear of potential benefits being eroded during periods of high volatility, such as those associated with bear markets. Notes: Standard errors in parentheses below coefficients. "Duration" refers to the duration of the high volatility common shock expressed in years. "Unc. Prob." refers to the unconditional probability of the high volatility regime expressed in percentage. Notes: Standard errors in parentheses below coefficients. "Duration" refers to the duration of the high volatility regime of the idiosyncratic shock expressed in years. "Unc. Prob." refers to the unconditional probability of the high volatility regime expressed in percentage. 
